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Studies were conducted to assess the effectiveness of an aerobic composter in de- 
stroying pathogens that may possibly be present in raw sewage sludge. Experiments 
conducted in this study were designed to determine whether or not sekcted indicator 
organisms (i.e., Slrlmonek newport, poliovirus type 1, rlscnris Iun~Sricoides ova, and 
Cundkk nlhicrrns) could survive the cornposting process. The results of the assay 
showed that after 43 hr of cornposting, no viable indicator organisms could be de- 
tected. The poliovirus type I was the most sensitive, being inactivated within the first 
hour, whereas C. nfbicnns vras the most resistant, requiring more than 2s hr of 
composting for its inactivation. The data from this study indicated that aerobic 
composting of sewage sludge would destroy the indicator pathogens when a trm- 
perature of 60 to 70 C is maintained for a period of 3 days. 

Nearly all American towns and cities with 
populations in excess of 2,500 have sewage dis- 
posal plants. It has been estimated that 36.5 lb 
of wet sewage solids (sludge) are produced per 
capita per year (8). Therefore, in one year a town 
with a population of 2,500 would produce in 
excess of 90,000 lb of sewage solids. Means em- 
ployed for final disposal of sewage solids (sludge) 
present a problem to every city or conununity. 
Three means generally used for disposing of 
digested sewage sludge are (i) discharging it into 
deep water of a lake, sea or ocean, (ii) utilizing it 
as a fertilizer by spreading it upon farm land, and 
(iii) using it for making land fills. All three 
methods produce hazards to public health (8). 

%WI’ERM.L.S X’D METHODS 

If sewage sludge could be processed in such a 

Safn~otrelfu newport (University of Utah strain 
U-225) was chosen as the bacterial indicator since 
Snlmonellf~e appear to be commonly present in sewage 
and are among the most important pathogens fuund 
there. Pohovirus type 1 (gabin vaccine strain from 
Eli Lilly & Co., Indianapolis, Ind.) was used as the 
indicator virus since poliovirus is also often present in 
sewage (9) and can be propagated with relative ease on 
a continuous cell line such as human amnion cells 
(FL). Ova of the h&ninth Ascaris Ium6ricoidm wre 
used as an indicator of ova destruction. The ova of this 
organism are commonly found in sewage and were 
found to be the most resistant of any ova or cystg+ 
studied by Cram (2). For the fungal organism, Can@& 
albicans (University of Utah strain U-250) was chosen. 
This organism is often part of the flora of the intestinal II . I 

way as to yield a product that could be sold as a tract of man anu nas oeen irequcetiy isolated from 
safe odor-free fertilizer, then part of the cost of l sewage. Although this organism is common on the 

sewage treatment and disposal could be deferred. 
mucous membranes and in feces in a high percentage 

Cornposting of human organic waste offers such 
of healthy individuals, it can be the cause of patho- 
genic processes in these habitats (7). 

a possibility. The research was conducted in three phases. The 
To establish whether composting would destroy first phase was a study of the thermal death times and 

any pathogens that may be present in the sludge thermal death points for each of the indicator or- 
used as a raw material, a composting process ganisms. This was conducted to predict the possible 
utilizing aerobic conditions without added heat et&c% the composting process would have on each of 
was used. An apparatus designed to carry out this the organisms. The second phase was concerned with 

process was obtained from the Eimco Corp., Salt testing the techniques that would be used to assay the 

Lake City, Utah. For this work, pathogens repre- 
final compost for the presence of the indicator or- 
ganisms and also to determine the size of inoculum 

senting each of four kinds of organisms com- needed to assure detection of them. The last phase 
monly found in the human intestinal tract (i.e., a concerned the inoculation of the compostcr and assay 
bacterium, a virus, a fungus, and ova of a meta- of the final product for the presence of the indicator. 

zoan parasite) were chosen as an indicator of the organisms that may have survived the process. 
Thermal death time for S. nevvport. A temperature 

behavior of each kind of organism during the of 60 C uias chosen for this studv since this was the 
composting process. lowest temperature measured in the cornposter dting 
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it; operation;. Siu tubes (13 by 100 mm) containing 
1.9 X 10’ S. nr~vporf organisms suspended in 3 ml of 
Nutrient Broth (Difco) were placed in a lvvater bath 
at 60 C. At IO-min intervals, a tube was removed and 
IO-fold dilutions in nutrient broth were made. AU the 
dilution tubes were kept chilled in an ice bath until 
pour pioles could be prepared for counting. All sal- 
monella plate counts in this research were made after 
a 3-&y incubation period at 37 C. .A Quebec Colony 
Counter (Spencer Lens Co., Buffalo, N.Y.) was uti- 
lizcd for counting the plates. 

Thermal death point for S. newport. Nutrient broth 
cultures containing 2.6 X lo3 organisms each were 
held for 30 min in water baths at temperatures varying 
in 5 C increments from 35 to 65 C. Dilutions and 
plating were carried out as in the thermal death time 
procedure. 

Thermal death time for poliovirus type 1. Human 
amnion (FL) cells were chosen for this investination. 
The FL cell line was obtained from the Utah State 
Department of Health, Salt Lake City, Utah. Mono- 
laler cell cultures for propagation of virus were pre- 
pared by using 32-0~ (960 ml) prescription bottles 
inoculated with 10.S X I oi cells in 50 ml of Melnick’s 
growth medium (MH). This medium was composed of 
Hanks balanced salt solution plus 570 calf serum, 
0.57; lacialbumin hydrolysate, penicillin G  (500 
units/ml), and streptomycin (50 micrograms,/ml). Sta- 
tionary tube tissue cultures were also prepared by 
using screw-cap tubes (16 by 150 mm) inoculated 
with 2 X loj cells in 2 ml of growth medium. The 
cultures were used after they reached confluence in 
4 to 5 days. Seven scrzwvcap tubes (13 by 100 mm) 
containing 3.2 X loj tissue culture infective doses 
(TCIDjo) of poliovirus in 1 ml of growth medium were 
incubated in a water bath at 60 C. At 5-min intervals 
from 0 to 30 min, a rube was removed and 0.3 ml of 
the virus suspension was transferred to each of three 
stationary tube tissue cultures containing growth 
medium and incubated at 35 C. The cells were ex- 
amined daily for cytopathic effect (CPE) for a period 
of 5 days. All the virus experiments included controls 
which consisted of uninoculated and known infected 
cells. 

Thermal death point for poliovirns. Volumes (l-ml) 
of poliovirus (3.2 X loj TCIDzo/ml) in growth me- 
dium were held for 30 min in water baths at tempera- 
ttucs from 45 to 60 C at 5 C intervals. At the end of 
the 30-min incubation period, the virus suspensions 
were transferred to confluent cultures of FL cells 
incubated and examined for CPE. 

Thermal death time for A. lumbricoides ova. A. 
hnbricoides worms were obtained from local abat- 
toirs. The female worms were cut longitudinally down 
the midline and the uteri were removed. The uteri were 
homogenized in saline for 2 min by using an homoge- 
nizer (VirTis Corp., Gardiner, N.Y.). This procedure 
yi&led a suspension of ova with a concentration of 
1.7 X IO5 ova/ml. A temperature of 60 C was chosen 
to study the thermal death time for these ova. Eight 
screw-cap tubes (13 by 100 mm) each containing a 
l-ml suspension of A. hmbricoides ova in saline 
(1 7 X loj ova/ml) were placed in a water bath at 

60 C. One tube was held at ioom temperature to serve 
as a control. 01.3 from :he control tube btere obsen,ed 
after 21 days to ejtablis:-i the percentage of yilblz ova 
in the total population. .-\! 10.min intervals a tube was 
removed from the water bxth and incubated at room 
temperature (23 C) for a period of21 days. At the end 
of the incubation perioil. one drop of the suspension 
of ova from each sample was placed on a microscope 
slide, mounted nith a cover slip, and examined mi- 
croscopically under the loiv-pose: objective (XloOj 
with reduced light. Ova :vere considered viable if the 
protoplasm had become jegmenred or embryonation 
had occurred. 

Thermal death point for =\. lumbricoides ova. Suspen- 
sions (1 ml) of ova in saii’ae were held for a period of 
30 min in water baths at temperatures varying in 5 C 
increments from 50 to 70 C. At the end of the 30-min 
time period, the tubes were removed and a!lowed to 
incubate for 21 days at room temperature. The samples 
were then examined for hiability as described above 
in the thermal death time procedure. 

Thermal death time for Candida albicans. A tempera- 
ture of 70 C was chosen for this study since earlier 
studies indicated that C. aLbicans could withstand 60 C 
for more than 90 min. Six tubes (13 X 100 mm) of 
C. a/Eicans (3.9 X 10; cell/ml) suspended in 3 ml of 
Sabouraud Broth (Difco) were placed in a water 
bath at 70 C. At IO-min intervals, a tube was removed 
and lo-fold dilutions were carried out. All the dilution 
tubes were kept chilled in an ice bath until plates 
could be made for counting. Pagan0 Levin Agar 
(Difco) was employed as 2 plating medium. The plates 
were incubated at room temperature for 5 days after 
which colony counts were made. 

Thermal death point for C. albicans. Sabouraud 
Broth cultures of C. ulbicons (5.2 X 10’ cells/ml) were 
incubated for 30 min in water baths at temperatures 
varying in 5 C increments from 35 to 80 C. Dilutions 
and platings were carried out as in the thermal death 
time study for C. a&cum. 

Isolation of S. newport from sewage sludge. Volumes 
(1 ml) containing known numbers of S. rretuport 
ranging from 5 to 50$00 organisms/ml were added to 
each of 5 tubes containing 9 ml of raw sewage sludge 
and mixed for 1 min ti;rb a Vari-Whirl mixer (Van 
Waters & Rogers. Inc.. San Francisco. Calif.). A 
l-ml amount lfrom each sludge samplk was ‘then 
inoculated into 9 ml of gram-negative (GN) broth 
(Difco). The GN broth cultures were incubated at 
41.5 C for 6 hr. Spino (15) reported that the isolation 
rate of Saimone!h was greatly increased when incu- 
bated at this elevated temperature. After the 6-hr 
incubation period, one loopful from each broth culture 
was streaked onto Selenite Brilliant Green (SBG) agar 
and incubated at 37 C for 36 hr. Tine formula and use 
of this highly selective SBG broth was described by 
Kenner et al. (10). A 1.5?#‘#’ concentration of agar was 
added to the SBG broth for preparing plates. Colonies 
resembling Sulmorzella on the SBG plates after the 
36-hr incubation period were continned by the follow- 
ing procedure. Suspected Salmonella colonies were 
transferred to Triple Sugar Iron (TSI) agar (Difco) 
slants and incubated for 21 hours at 37 C. TSI slants 
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6emonstra:ing typical. SuDnuizzUa reactions (i.e., alkz- 
line slant, acid butt, with HIS production) were typed 
with group S2 antiserum (Difco) by using a slide 
agglutination test. IdenMcation based upon positive 
group C2 agglutinations were confirmed by using urea 
agar slants, dulcitol broth, lysine iron agar slants, 
and lactose broth. 

Techniques for isolation of poliovirus from sewage 
sludge. Volumes (1 ml) of growth medium coataining 
hewn numbers of poliovirus type 1 ranging from 5 
to 5,100 TCIDjO were added to 100 ml of sterile sewage 
sludge followed by mixing in an homogenizer. After 
miying for 10 min, lo-ml samples were removed, 
st:spended in lo(1 ml of sterile saline, and centsuged 
at $400 X g for 1 hc in a centrifuge (model GLC-1; 
Ivan Sorvall. Inc.. Norwalk. Corm.). After centrifu- 
gation, thz’ &v&phase aqueous ‘polymer system 
adapted for concentration of enterovirus in sewage by 
Lund (11) was employed for concentration of polio- 
virus particles. The chemicals used were sodium dex- 
tran sulfate 2OKl (DS; 205% solution, w jv; Pharmacia, 
Uppsula, Sweden) and polyethylene glycol (PEG; 
30% solution. w/v: Carbowav 6ooO. J. T. Baker Co.). 
Th~lOO-ml sam&e’containing poliokirus was adjusted 
to PH 7.2 with 0.01 %I phosphate buffer after the 
addition of 10 ml of 5 ~1 NaCl solution, 29 ml of PEG 
solution, and 1.3 ml  of DS solution. This mixture was 
homogenized for 1 hr with an homogenizer. The 
sample was then transferred to a 250~ml separatory 
funnel and placed at 4 C for 24 hr. After 24 fir, the 
DS bottom phase of 1 to 1.3 ml was collected. To 
precipitate the DS, 0.67 ml of a 3 M  RCL solution was 
added for each milliliter of this phase leaving the virus 
in the supematant fluid. This was ether treated and 
assayed for virus. A l-ml amount from each dilution 
was inoculated in triplicate into stationary tube FL 
cell tissue cultures and incubated at 35 C. The sta- 
tionary tube cultures were inspected daily for CPE 
as an indication of the presence of infective virus 
particles. 

Neutralization tests. FL cell tissue cultures, prepared 
in stationary tubes, were incubated at 35 C until con- 
fluent monolayers were formed. After the removal of 
the growth medium, the cultures were washed three 
times with phosphate-buffered saline, and mainte- 
nance medium was added. The immune serum, pre- 
pared in rabbits, (poliovirus type 1; Microbiological 
Associates, Bethesda, Md.) was diluted I:5 in main- 
tenance medium, mixed with equal volumes of the 
virus suspension, and incubated at 35 C for 30 min. 
One tube contained equal volumes of a 1: 5 antiserum 
dilution and maintenance medium to establish that 
the serum was free fromcytotoxic activity. One tube 
contained equal volumes of virus suspension and 
maintenance medium to serve as a virus control. After 
incubation, l-ml volumes of the serum-virus mixtures 
were inoculated into the FL tissue culture tubes by 
using three cultures for each serum-virus mixture. The 
inoculated cultures were incubated at 35 C and then 
examined for neutralization of viral CPE after 3 days, 
since virus controls exhibited CPE at that time. 

Techniques for isolation of A. lumbricoides ova from 
sewage sludge. Volumes (1 ml) of saline containing 
known numbers of A. Iumbricoides ova ranging from 

I to 1,200 ova/ml were added IO each of four t&es 
containing 9 ml of raw sewage sludg:. The ova and 
sludge were mixed for 1 min nii:2 2 VP&-LVhirl mixer. 
filtered through tno la!-ers of gxxe, and cmtrif+ed 
at 736 X z for 45 to 60 set n!th a Son-all GLC-1 
centrifuge. A zinc s&are CenWugal-tiotatioa pro- 
cedure (3/ .Z modified by fihl $srso>zai cornmunicc- 
t/on) was us<d for concentration of rhe ova in the 
sample as follorvn. 

After the tist centrifugation. :he sbwrnatant fluid 
was discardsd and the sediment rva~~ v;ashed three 
times’ bv the ad&tion of 5 ml of saline folloued bv 
centrifuiation at 736 X 5. After the third wash cycle, 
the supernatant fluid v.as discarded and j ml of 34% 
(w/v) zinc sulfate solution (1.20 specific growth) was 
added to the sediment. The sediment was resuspended, 
centrifuged at 736 X g for 45 :o 60 set, and brought 
to a stop over a 2-min period. -Additional zinc sulfate 
was added to each sample to bring the meniscus up to 
a point just above the top of the tube. After a IO&n 
waiting Eriod, a cover slip VV= touched to the menis- 
cus to remove the floating ova and mounted on a clean 
slide for microscopic examination. 

Technique for the isolation of C. aIbicans from 
sewage sludge. Volumes (1 ml) containing knowa 
numbers of C. albicanr ran-&g from 1 to 1,400 
organ.ismj/ml in Pagan0 Levin broth were added to 
each of four tubes containing 9 g of sewage sludge and 
mixed for one min by using a Van’-Whirl mixer. 
Ten-fold dilutions were prepared from each sludge 
sample with Sabouraud Dextrose Broth (D&o) as a 
diluent. Each dilution (1 ml! was plated, and then 
incubated for 5 days at room temperature before 
counting. The highly selective and differential medium 
used for the primary isolation of C. albicanx by the 
pour-plate technique was a modification of Pagan0 
Levin Base (Difco) described by Stedham et al. (16). 

Colonies of C. albicans on rhis medium appear pi& 
to red from the reduction of a tetrazolium salt to a 
colored formazan. Organisms producing this color 
were subsequently confirmed as being C. dbicans by 
their production of chlamydo>Tores when transferred 
to Rice Extract Agiir (Difco; and incubated at room 
temperature for 5 da)s. 

The cornposting process. The process was carried out 
through three stages. The tist stage consisted of 
mixing the incoming sewage sludge from the sewage 
treatment plant’s primary xrding ti with a floccu- 
lating agent to aid in water removal by vacuum 
filtration. During the second stage, the sludge-floc- 
culant residue from the filter was fed into the compost- 
ing bin for the final composring. 

The composting bin cot&tired of a chamber of 40 
ft3 capacity with four augers, one in each corner, for 
mixing of the compost material. Air was forced up 
through the bottom of the bin to create the necessary 
aerobic conditions. The composter was designed in 
such a way as to allow the compost material to travel 
in only one direction by passing up and down from 
auger to auger. The fresh sludge entered one comer 
(i.e., inflow point) of the bin and, after about 4 to 5 
hr, would rwch the far corner (outflow point), after 
traveIing the length of each of the four augers. Thz 
composted material was rhen recycled back to the 
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inllow point and the process \!as repented. This 
cont;nuuus recycling took place for a period of 5 days 
before the comporting process was conbidercd finished. 
The temperature aithin the cornposter during proc- 
essing varied between 60 and 76 C. 

Inoculation of the cornposter. The inoculum of in- 
dicator organisms was added to the composter by 
suspending a l,COO-ml, drop-formed separatory funnel 
con:dining the orgacijms over the inZo\v area of the 
compo&r. A JOO-ml volume containing S. rrewport 
(2.7 X 10:: organisms), C. ul6icmr~ (2.04 X lo?O 
orgamsms], and A. Ilunbr&icl’rs ova (1.4 X l(Y) was 
ad&d continuousiy in this manner over a period of 
1 hr. At a later date, a X0-ml inoculum of poliovirus 
type I containing 6.1 X 10: TCD,J aas added to the 
composter in the same way. On both occasions, 
samples of the compost ivere collected from the 
surface in sterile containers 1 hr after the inoculation 
at the inflow point and rhen three times daily at the 
outflow point. All of the compost samples were kept 
refrigerated until assays could be rL:n. 

Final assay of the finkbed compost. Figure 1 is a 
f lowsheet describing the isolation procedures em- 
ployed in the final assay of the composted product. 
Ten 1-g portions from each compost samp!e were 
added directly to 9-p? volumes of GN broth and 
treated in the manner de&bed previously for isoia- 
tion of S. newporr from se~zye sludge. One 10-g 
portion from each compost sample bvas homogenized 
in 10 ml of sterile physiological saline for 2 min with a 
VirTis homogenizer. This 20.ml volume w‘as then 
added to 100 ml of a::.:; onal saline, and the assay for 
poliovirus was ceded TV completion in the sa.me 
manner describec! =-:t.i3ubIy in rhe trchniqut for 
isolation of poliov>*s from se::nge sludge. Ten l-g 
portions from each compost sample were each emul- 
sitied in 5 ml of physiological saline and incubated at 
rooin temperature for a period of 21 days. After the 
incubation period, tht samples were mixed for 2 min 
with a Vari-Whirl miuer, and the zinc sulfate flota- 

tion concentration procedure was carried out as de- 
scribed earlier in the technique fgr iso!ation of -1. 
lu~Ibricoi&s from sewage sludge. Ova counti and 
viability determinations were carried out also in the 
manner described previously. Ten l-g portions of each 
compost sample were added directly to I j-ml volumes 
of molten, modiied Pagan0 Levin agar cooied to 48 C 
for pour plates. The plates were incubated at room 
temperature for a period of at least 48 hr. Suspected 
colonies of C. albicms were confirmed by their produc- 
tion of chlamydospores when transferred to Rice 
Extract Agar and incubated at room temperature. 

RESULTS 
Thermal death time and thermal death point 

determinations. The thermal death time for S. 
newport at 60 C was found to be 30 min. Starting 
with an initial population of 1 .Y X 10” organisms 
per ml, the counts fell to zero after subjecting the 
organisms to 60 C for a period of 40 min. The 
thermal death point for this organism, when held 
for 30 min, was 65 C. The thermal death time for 
poliovirus typz 1 when 3.2 x 10: TCIDjo were 
held at 60 C was 5 min. The thermal death 
point determined for a 30.min period was 55 C. 

The thermal death time for A. lun~bricoides 
ova when a suspension of 1.7 X 10” viable ova 
per ml was held at 60 C was 60 min. When the 
ova were subjected to this temperature for this 
period of time and subsequently incubated at 
room temperature for 21 days, no maturation of 
the ova occurred. The thermal death point was 
65 C when the ova were held at the specified 
temperatures for a period of 30 min. The ova 
control established that 73y0 of the popularion 
were viable at the start of the experiment. The 
actual number of ova used in the study was 2.3 x 
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lOj/ml, giving a viable ova count of 1.7 X 1Oj 
ova per ml. The thermal death time at 70 C for 
C. alhicam wa3 60. min. A rapid reduction of 
viable yeast cells occurred within the first 20 min, 
and then the count varied only slightly through 50 
min. At 60 min the count had fallen to zero. The 
thermal death proved to be SO C when the or- 
ganism was held at this temperature for 30 min. 
When 5.2 X 10’ organisms were incubated at 
80 C for 30 min, all were killed. 

Isuhtion of indicator organisms from sewage 
sludge. The GN broth enrichment, incubated at 
elevated temperature, proved to be an effective 
method of isolating S. newport from raw sewage 
sludge. The only organisms other than S. nelvport 
that were able to grow on the SBG solid culture 
medium were speci?S of Pseudomonas, Proteus, 
Aerobacter, and Akaligenes. Colonies of these 
organisms exhibited a similar appearance after 
24 hr; however, after 36 hr S. newport colonies 
could be recognized by their characteristic 
curled margin and deep brick-red color resulting 
from the reduction of the selenite. It was found 
that, when as .few as 50 S. newport organisms 
were present in 1 g of raw sewage sludge, four 
out of five colonies picked from the SBG agar 
plates after enrichment subsequently proved to 
be S. nervl>ort. Thus, if this concentration of 
organisms could be established in the composter, 
then reisolation of the organisms could be rela- 
tively certain. The technique was capable of 
detecting the organism when 50 organisms were 
present in 1 g of compost; thus, 2.7 X lO= 
organisms were inoculated into the composter, 
giving a theoretical concentmtion within the 
compost of 2.4 X lo6 organisms per g. This con- 
centration far exceeded the minimal concentra- 
tion necessary for detection. The method em- 
ployed for isolating the poliovirus proved to be 
adequate when the concentration of virus was at 
least 160 TCIDM per 10 g of sludge. Ten grams 
were assayed rather than 1 g since this larger 
sample size would facilitate isolation of the virus 
if it were present in small numbers. The amount 
of poliovirus inoculated into the composter was 
6.4 X 107 TCIDSD. This gave. a theoretical con- 
centration of 560 TCIDSo per 10 g of compost. 
The experiments conducted to ascertain the sen- 
sitivity of the isolation procedure for ova of A. 
lumbricoides showed that, when at least 12 ova 
per g of sewage sludge were present, isolation 
could be made. When 12 ova were known to be 
present in the one gram sample, at least two ova 
could be isolated; thus, 1.4 x l@ ova were intro- 
duced into the composter, yielding a theoretical 
concentration of 1.2 X 10z ova per g of compost. 
This concentration well exceeded the minimal 

concentration of ova necessary for detection. 
The use of modified Pagano-Levin medium for 
the primary isolaiion of thz C. albicuns from the 
sewage sludge proved highly satisfactory. When 
as little as 11 C. alhicuns yeast cells were initially 
present per gram of sewage sludge, isolations 
could be made and confirmed. Ninety-five per 
cent of the colonies which grew on this medium 
proved to be C. aibicans. An inoculum of 2.0 X 
10’” C. albicans organisms was inoculated into 
the composter, yielding a theoretical concentra- 
tion of 1.7 X 10’ cells per g of compost. This 
represented 1,000 times more organisms: per g 
than was necessary to assure detection. 

Final assay of the composted product for the 
presence of indicator organisms. One hour after 
the addition of the S. newport organisms to the 
composter, all the samples taken from the inflow 
area were positive for the organism. The actual 
number of organisms was not determined in the 
assay since enrichment procedures were em- 
ployed. Table 1 shows that by the 25th hr post- 
inoculation, all the samples were negative for S. 
newport. Samples were taken periodically through 
220 hr, with no further isolations of the indicator 
organism. 

All the samples assayed for the poIiovirus were 
negative. Several times the cells displayed appar- 
ent CPE, but when the fluids from these tubes 
were passed to fresh cell cultures, no further 
CPE occurred, indicating the tissue CPE was due 
to nonspecific cytotoxicity rather than a virus. 

The only viable A. hmbricoides ova that were 
isolated came from the samples taken at the 
inflow area 1 hr after inoculation of the com- 
poster as indicated in Table 2. At 4 hr postinocu- 

TILE 1. Isolation of Sahonekz newpoP from 
c!omposted sewage sludge 

Hr afte: 
inoculation 

Positive 
isolationsb 

1” 5 j/S 
4 5 l/5 

19 5 5/S 
25 5 o/5 
28 5 O/5 
48 O/5 

48-220 8; O/5 

0 S. newport organisms (2.7 X 10U) were inocu- 
lated into the cornposter at the inflow point. 

b Actual concentration of organisms was not 
determined since enrichment procedures were 
employed. 

c This sample was taken from the inflow point; 
all subseyuent samples were taken from the out- 
flow point. 
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TILE. 2. Isolation of Ascnris Iunzhricoides ovaa 
from coll7postrtl SovcIge sir&e 

Iir after 
inoculation 

I” 
4 

i9 
2: 
26 

‘46 
-16-50 
50-218 

- 

-- 

- 

5 
5 

5 
5 

1; 
70 

- 

- 

, - 

35 
8 

16 
6.8 
3.2 
0.2 
0.8 
0 

- 
‘2 

-it 

- 

30.8 
0 
0 
0 
0 
0 
0 
0 

S A. Iuntbricoides or-a (1.4 X I@) were inoculated 
into the composter at the inflow point. 

5 This sample was taken at the inflow point; all 
subsequent samples were taken at the outflow 
point. 

TABLE 3. Isolccrion of Crordiria albicatzso from 

Hr after 
inoculation 

1” 
4 

19 
28 
43 
52 
67 
76 

- 

- 

- --- 

-__ 

10 
10 
10 
10 
10 
10 
10 
10 

- 

- 

Samples 
positive 

lO/lO 
10/10 
o/10 
3/10 
o/10 
o/10 
O/IO 
o/10 

- 

-- 

I 
1 

- 

- 

TNTCc 
3.4 
0 
0.3 
0 
0 
0 
0 

0 C. afbicatzs organisms (2.0 X lOlo) were inocu- 
lated into the composter at the inflow point.. 

b Samples taken at the inflow point; all subse- 
quent samples were taken at the outflow point. 

= Colonies too numerous to count accurately. 

lation, an average of eight ova per sample were 
isolated, but none of the ova exhibited se&en- 
tation or embryonation after incubation for 21 
days. At 19 hr after inoculation, the ova that 
were isolated showed evidence of disintegration 
by rupturing of the outer shell. From 23 through 
50 hr, only fragments of the ova were present. 
No trace OF any ova could be found from 50 
through 218 hr postinoculation. A total of 110 
s;imples were assayed. 

Samples taken for C. albicans at the inflow 
arca 1 hr after inoculation yielded pour plates 
that were so heavily overgrown that colony 
counts could not be made. Table 3 indicates that 
4 hr postinoculation, the samples taken at the 
~~Qlow area yielded positive isolations from each 
(:I‘ the ten l-g samples. A11 samples taken after 
1’: hr were negative. A total of 80 samples taken 
:‘. CT a 76hr period were assayed. 

nISCT;sSION 
When sewage sludge is composted, it is vitally 

important that the composting process be oper- 
ated in such a way as to insure thermophilic bac- 
terial activity. This bacterial activity is necessary 
to produce suficiinriy high temperatures over an 
adequate period to render the composted product 
free from pathogenic organisms. Good mixing 
with proper aeration of the sewage sludge in the 
composter will achier-e this thermophilic condi- 
tion when other conditions such as moisture con- 
tent are mei (4). However, temperature’ alone is 
not a guarantee that all pathogens will be de- 
stroyed. Expsriments conducted in this study 
were designed to determine whether pathogens 
could possibly survive thermophilic temperatures 
present during cornposting. This was achieved by 
introducing indicator organisms into the com- 
poster and periodically testing for their survival. 
The composter developed by the Eimco Corp. ful- 
filled the requirements for thermophilic activity 
(4) and maintained a temperature range, within 
the compost, from 60 to 70 C. 

The results obtained from the experiments 
conducted in this study indicated that the com- 
poster was capable of destroying the selected 
pathogens and thus could destroy any pathogens 
with similar thermal sensitivities that might be. 
present in the raw sewage sludge. The thermal 
death time and thermal death point determina- 
tions for the bacterial indicator S. rreivport 
showed that it was destroyed when subjected to 
60 C for 40 min or 65 C for 30 min. These condi- 
tions were met in the composter, suggesting that 
this organism could be destroyed. Poliovirus 
type 1, the viral indicator, was shown to be inac- 
tivated by 5 min at 60 c. Since this is the lowest 
temperature in the thermophilic range achieved 
in the composter, this virus should likewise be 
easily destroyed. The metazoan parasite indicator, 
A. hmbricoides ova. was shown to be killed by a 
60-min exposure at 60 C or 30 min at 65 C. From 
a consideration of the temperatures attained in 
thk composter, it is reasonable to assume that 
this indicator would not survive the composting 
process. The fungal indicator, C. alhcans, was 
found to be more resistant to heat than the 
other organisms. This organism was found to be 
killed when exposed to 70 C for 60 min or SO C 
for 30 min. The thermal death points and ther- 
mal death times for the indicator organisms were 
conducted in media other than that found in the 
composter, since these tests were designed to 
provide only an approximation of the thermal 
sensitivities and were not meant to duplicate the 
conditions found in the composter. Since ihe 
composting process continued for 5 days at tem- 



peraturcs from 60 to 75 C, it is suggested that the 
C. alhicnrzs organisms would also be destroyed. 
Each of the indicator organisms thus exhibited 
thermal death time and thermal death point char- 
acteristics, suggesting they would be inactivated 
when subjected to the composting process. 

Samples taken at the inflow area of the com- 
poster revealed that the indicator organisms, 
with the exception of the poliovirus, survived 
well during the first hour after inoculation. Some 
samples taken at the outflow area were positive 
for C. albicms for up to 28 hr postinoculation. 

Survival for this period of time could be ex- 
plained on the basis that C. albicans was pro- 
tected from contimtous exposure to temperatures 
of 60 to 70 C by the organic matter in the sludge. 
Our preliminary experiments indicated to us that 
this organism was more heat-resistant than any 
of the other organisms. A further explanation 
could be that the organism was found in some 
instances after 28 hr because the sensitivity of our 
assay for C. afbicans was greater than that for 
S. Newport or poliovirus. The sensitivity of our 
assay for Ascasis ova enabled us to detect ova in 
samples 26 hr after inoculation of the composter 
although the ova were not viable. 

The poliovirus was undetectable 1 hr after 
inoculaticn. When the virus suspension was 
inoculated, thz surface temperature of the com- 
post in the composter was between 55 and 60 C. 
Considering this, it was reasonable to conclude 
that the virus was rapidly inactivated due to 
heat sensitivity. One must also consider another 
possible factor. Clarke (1) observed that simpIe 
mixing of pOiiOViruS with sewage at room tem- 
perature resulted in a loss greater than 75y0 of 
the original virus within 5 min after its addition 
to the raw sewage. In the same article he found 
that a 99% reduction of the virus occurred 
within 45 min. Since no CPE was detected during 
the virus assay, it can be assumed that other 
enterovintses with similar thermal sensitivities 
present in the compost were likewise inactivated. 

There are reports in the literature of attempts 
to determine if pathogenic organisms can survive 
composting (16), but most of the reports were 
based on attempts to isolate at the end of the 
composting process, any surviving pathogens 
that may have been already present in the original 
material (13). Other investigators (5, 6, 14) 
simply concluded that since certain high tem- 
peratures were attained during the process, then 
pathogens should have been destroyed. There are 
even those who believe that because no one had 
become ill from eating, crops fertilized with 
sewage compost then the composting process 
must have destroyed any pathogens that may 

have been present 1112). There were no reports 
found in th? htsrarure ?s’n<re orgatim.s repre- 
senting four groups of parhogecs v.ere employed 
as i&ii-XOiS of a compostizg prwess’j ?Kcctive- 
ness in destroying pathogens. 

Pathogen dsstmcrion d-Sag cornposting may 
occur as a rz.ult of thzrmai ‘killing by suiMently 
high temperature and by antibiotic acticn or by 
the decomposing organisms or their producn 
(4). Evidence from this study indicated that the 
time-temperature conditions of this cornposting 
process were suf%iznt to destroy all of the indi- 
cator organisms. IVhzther orhzr factors con- 
tributed to the destruction of the indicator patho- 
gens was not studied, but must be considered. 
From the results of this study, it stems clear that 
when sewage sludge is composted in the manner 
described here a &al product can be obtained 
which would be ufe and could be investigated 
for use as a soil conditioner or fertilizer. It is 
reasonable to assume that problems of hygiene 
involving sewage sludge disposal could be solved 
by composting of sludge, thus producing a 
product which could be returned to the soil as a 
scil conditioner or possibly as a fertilizer. 

Thii aork U.IS carrid out uoc%tr sutitit nuc’ber 137-363- 
8-21 *&swern tie Eimco Corp., S&r Lake City. Utah SaLlO, acll 
the University oi Utah. TX o&i-xl source of the PxxIs was a 
Public Health Service Grant, S&67-103, :‘;om thz Salid Wajt+s 
Program, Narional C+r,zr of Thin and Ladusttil Health, Cii- 
cinnati, Ohio. 

The data presented &rein wzs &vmiz.i in pact% fulfillment 
of the requirszxnts fcr :hz dezze of Sl%ret of Srimce at the 
University of Utah by Sxphex C. Wes’srScrg. 
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